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Effect of Paraffin W a x  on the Properties of Mineral Oils’ 
By A. P. Bjerregaardz 

RESEARCH LABORATORY, EMPIRE REFINERIES, INC., OKMULGEE, OKLAHOMA 

ARAFFIN wax decreases the viscosity of the more 
viscous mineral lubricating oils, raises the freezing P point, and lowers the specific gravity. The amount 

of wax present may be quickly determined, with all neces- 
sary accuracy, by observing the freezing point and referring 
to Graph IIa of the present paper, where the percentage of 
paraffin wax is plotted against temperature. 

Since paraffin wax occurs naturally as a component of 
many native crude petroleum oils, and therefore also in many 
intermediate and finished petroleum products, it  is of im- 
portance to know what influence it exerts on the properties 
of the various other components of the petroleum, especially 
those with which it is naturally associated. These are the 
various viscous and so-called “nonviscous” lubricating oils. 

The present study qas  made from the synthetic viewpoint. 
Known quantities of components of known properties were 
mixed, and the viscosity, freezing point, and specific gravity 
of the mixtures were determined. 

MATERIALS USED 
PARAFFIN wAx-Three samples of paraffin wax were used: 

(1) prepared from Pennsylvania crude oil (nonasphaltic) ; 
(2) prepared from mid-continent crude oils, namely, a mixture 
of Illinois and Healdton crudes (semi-asphaltic) ; and (3) 
prepared from a central Oklahoma crude oil (semi-asphaltic). 

The first two samples were prepared in the laboratory from 
“slack wax,” which is the raw wax left in the filter presses of 
the refinery when the wax-containing fractions of the pe- 
troleum are filtered a t  a low temperature, usually about 
15” to 20” F. This wax was pressed between blotting papers 
under a great weight, a t  a temperature of 80” to 85” F. 
until no more oil could be extracted. The blotting paper 
was changed from time to time as necessary. The resulting 
wax was melted at  the lowest possible temperature, and an 
equal volume of petroleum spirit (usually called turpentine 
substitute) was added. After slow cooling, the excess of 
petroleum spirits was poured off, and the paraffin wax pressed 
as before. Next, the wax was exposed to the air for a short 
time, until all the remaining spirits had evaporated. The 
resulting wax was in each case free from oil, and i t  was not 
otherwise refined. By the “American method” the melting 
point of the Pennsylvania wax was 131” F.; that of the mid- 
continent wax was 130.5” F. 

The third sample was a refined commercial wax of 122” F. 
melting point (“American method”). It was prepared in 

the refinery in the usual manner, by “sweating” the slack 
wax and “filtering” or percolating through fuller’s earth to 
remove any color that might be present. The sample con- 
tained 1.45 per cent oil. 

oms-The characteristics of the oil samples are tabulated 
in Table 1. 

EFFECT OF PAR9FFIN WAX ON VISCOSITY 

The viscosities of varying mixtures of waxes and oils 
were determined with the Saybolt Universal viscosimeter 
in seconds at  100” F. 
All m i x t u r e s  a r e  
stated by weight. The 
data in Table 2 are 
plotted in Graph I. 

Paraffin wax has 
no effect on viscosity 
when this value is 
low. On the other 
hand, with oils of 
higher viscosity, such 
a s t h e  commercial 
“neutral” lubricating 
oils, the addition of 
dissolved paraffin wax 
decidedly lowers the 
viscosity. The higher 
the v i s c o s i t y  the 
greater the effect of 
the paraffin wax. 

The effect of the 
paraffin wax is ap- 
proximately the same 
as it would have been 
if an oil of about 
70-sec. viscosity had 

I I 

been added instkad of the paraffin was. In  other words, the 
wax acts as a thin oil. 

Molten paraffin wax is in fact a thin oil. A sample, 
like No. 3 of melting point 123” F., ‘(American method,” 
showed a viscosity of 52 sec. at 125” F., and of 46 sec. a t  150” 
F. Calculation from the observed figures to 100’ F. leads 
to approximately 70 sec. for the viscosity of the paraffin wax 
a t  100” F., on the assumption that it were liquid a t  that 
temperature. 

TABLE I-CHARACTERISTICS OF OILS 

Specifir 
OIL DESCRIPTION Gravity 
A 

oils 0.8665 
B Pennsylvania “pressed distillate”’ 0.8534 c Western “pressed distillate”2 0.8805 
D Finished lubricating oil, from central Oklahoma crude oil (straight 

“neutral” oil) 0.8827 E Finished lubricating oil (source unknown, but mid-continent) 
(straight “neutral” oil) 0.8933 

F Finished lubricating oil, from central Oklahoma crude oil (blended 

G Finished lubricating oil, from central Oklahoma crude oil (straight 

fI Mnished lubricating oil, from central Oklahoma crude oil (straight 

I Finished lubricating oil, from central Oklahoma crude oil (mixture 

So-called “nonviscous neutral” oil, from Illinois and Healdton crude 

. 
“neutral” oil and “cylinder stock”) . . . .  
“neutral” oil) 0.8939 

“neutral” oil) 0.8961 

“neutral” oil and “cylinder stock”) .... 
1 This was s o 4 e  of the oil, derived from Pennsylvania crude, which flowed from the filter 

* Like B, from Illinois and Healdton crude oils. 

1 Received September 20, 1921. 
2 Chief Chemist. 

slack wax; in other words,, dewaxed wax oil. 
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TABLE 2-EFFECT OF PARAFFIN WAX ON V ~ s c o s r ~ v  
Oilused . . .  B C D E F G H I 
Waxused..  1 2 3 2 3 3 3 3 
Amount of 
wax, Per 

cent 
0 67 72 106 152 188 195 249 320 
2 67 73 103 146 . . .  183 230 ... 
5 . .  73 99 138 . . .  170 211 . . .  

10 . . 73 94 130 I58 162 198 244 
15 . .  73 . . .  122 . . . . . . . . . . . .  
20 68 73 . . . . . .  141 . . . . . . . . .  

EFFECT OF P.4RAFFIN sFr.4X O N  FREEZING P O I N T  

The freezing points of mixtures of oils and paraffin waxes 
were determined. The American Society for Testing Materials 
"Pour Test," Il 47-18, was followed except that the actual 
temperature of solidification was obserred and recorded in- 
stead of the next higher even 5" or 10" mark. 

I t  may be remarked in passing that this freezing point is not 
the point of solidification of the whole mass of the oil and 
paraffin wax mixture, but is due only to t,he growth of 
a spongy network of paraffin wax crystals which retains 
the rest of the oil in its interstices. This is proved by the 
fact that if the solidified mass, without warming, is stirred, 
it  becomes a liquid with admixed paraffin crystals suspended 
therein. When this is further cooled it again solidifies, but 
at a much lower temperature. In  this manner, by successive 
coolings; and stirrings, several different freezing points may be 
obtained with the same solution of paraffin wax in oil. Only 
the highest solidifying temperature found, without any dis- 
turbance of the oil, is considered in this series of experiments. 

Table 3 shows the data obtained, some of which are plotted 
in Graph 11. 

It will be noted that the freezing points of these mixtures 
do not depend a t  all upon the kind of oil used. While the 
freezing point does to some extent depend upon the freezing 
point of the oil used, the principal factor is the amount of 
paraffin wax present. Even a very small per cent of the 
wax causes a large rise in the freezing point. B s  more wax 

TABLE 3-EFFECT OF PARAFFIN W A X  ON FRBEZING POINT 
Kind of oil used. , , A B C 
Kind of wax used . . 2 1 2 ? 2 P f 
Amount of wax 

Per cent Av. 
0 20 26 25 22 34 24 27 26 
2 47 50 55 50 55 52 50 51 
5 63 69 68 64 73 66 65 67 

15 81 86 85 .. 89 . . . .  85 
20 87 91 91 . .  94 . . . .  91 
25 91 95 93 . .  98 . . . .  94 
50 103 106 105 .. 108 . . . .  105 

10 75 81 79 74 84 75 73 77 

is added the increment of rise in the freezing point becomes 
less and less, as indicated in the graph. 

The freezing points (before adding the paraffin wax) of the 
oils used are dependent on the amount of paraffin wax left 
in them by the manufacturing operations. It is possible 
to reduce them all to the same basis by simply shifting the 
location of the starting points on the graph all to the same 
place. The other end of the curve must not be shifted, 
because the wax is assumed to be the same in each case. 
Hence the curve will be shifted in a rotational way with the 
100 per cent wax point as the center. 

Tf by this means all the data be reduced to a common 
starting point, say a t  26' F., the freezing points of all the oil 
and paraffin mixtures will fall on the same curve, within the 
limits of experimental error. This is virtually the same as 
making the assumption that all the oils used had originally 
a freezing point of 26' F., before adding the paraffin wax. 
The curve thus obtained is practically identical with that de- 
rived from the arithmetic averages of the freezing points 
for the mixtures with the same wax content. Such a curve 
is plotted in Graph IIa and the figures are shown in the last 
column in Table 3. 

Graph IIa has been found very useful in the examination of 
wax distillates for paraffin wax content. Instead of the time- 
consuming and inaccurate Holde method of estimating the 
wax content, all that is necessary is to determine the freezing 
point and refer to the curve of Graph IIa. Thus, if the freez- 
ing point is 70" F., there is a wax content of 6.5 per cent 
together with 93.5 per cent of oil of 26" E'. freezing point. 
The writer has used this method for the past five years 
and has found it sufficiently accurate and reliable for all 
practical purposes. 0 

EFFECT OF PARAFFIN WAX ox SPECIFIC GRAVITY 
The specific gravities of mixtures of paraffin wax and oils 

were determined by means of a hydrometer, while the mixture 
was warm enough for all the wax to be in clear solution. In 
Table 4 these determinations have all been reduced to their 
equivalents a t  60" F., by means of the tables commonly 
employed for that purpose in the petroleum industry. 

Graph 111 (plotting the data of Table 4) shows clearly that 
the specific gravity becomes smaller with the addition of 
paraffin wax to the mineral oil, the more rapidly the heavier 


